Similar in spirit to the preceding work [Opt. Commun. 282 (2009) 3734] where the relation between optical Fresnel transformation and quantum tomography is revealed, we study this kind of relationship in the two-mode entangled case. We show that under the two-mode Fresnel transformation the bipartite entangled state density |η η| becomes density operator F2 |η η| F † 2 = |η s,rs,r η|, which is just the Radon transform of the two-mode Wigner operator ∆ (σ, γ) in entangled form, i.e., |η s,rs,r η| = π
Introduction
In Ref. [1] , by using the technique of integration within an ordered product (IWOP) of operators and the coherent state representation [2, 3] we have proved that corresponding to optical Fresnel transformation characteristic of ray transfer matrix elements (A, B, C, D), AD −BC = 1, connecting the input light field f (x) and output light field g (x ′ ) by Fresnel integration [4, 5, 6] g (x ′ ) = 1 √ 2πiB
there exists Fresnel operator F 1 (r, s) in quantum optics [7] ,
2s * : exp
such that in the coordinate x| representation [1, 8] 
where (s, r), |s| 2 − |r| 2 = 1, are related to a classical ray transfer matrix A B C D by
the unimodularity condition AD − BC = 1 is equivalent to |s| 2 − |r| 2 = 1. If we let f (x) = x| f , then Eq.(1) is expressed as
which is just the quantum mechanical version of Fresnel transformation.
In a preceding paper [9] , we also found that under the Fresnel transformation the pure position density |x x| becomes the tomographic density |x s,rs,r x|, which is just the Radon transform of the Wigner operator ∆ (x, p) , i.e.,
So the probability distribution for the Fresnel quadrature phase is the tomography (Radon transform of Wigner function [10, 11, 12] ), and the tomogram of a state |ψ is just the wave function of its Fresnel transformed state F † 1 |ψ , i.e. s,r x| ψ = x| F † 1 |ψ , and |x s,r is expressed as
In this Communication we want to generalize the above conclusion to two-mode entangled case. Firstly, we extend Eq. (3) to the two-dimensional Fresnel transformation,
where η is a complex number, then we construct the two-mode Fresnel operator F 2 (r, s) such that its transformation matrix element in the entangled state |η representation (see below Eq. (16)) is just the two-dimensional Fresnel transformation, i.e., K
i.e., we show that |η s,rs,r η| is just the Radon transform of the entangled Wigner operator ∆ (σ, γ) Our paper is arranged as follows. In section 2, we briefly review the two-mode Fresnel operator F 2 (r, s) and then derive the 2D Fresnel transformation in entangled state |η representation and introduce a new representation |η s,r (= F 2 (r, s) |η ) in section 3. Section 4 is devoted to proving Eq.(9), i.e., |η s,r s,r η| as Radon transform of entangled Wigner operator. Similar discussions are moved to the Fresnel transformation in its 'frequency domain' in section 5. In the last section, we derive the inverse Radon transformation of entangled Wigner operator.
Thus F 2 (r, s) induces the transforms
and F 2 is actually a generalized 2-mode squeezing operator [16, 17] .
F 2 (r, s) abides by the group multiplication rule. Using the IWOP technique and (10) we obtain
where (r ′′ , s ′′ ) are given by
Therefore, Eq. (14) is a loyal representation of the multiplication rule for ray transfer matrices in the sense of Matrix Optics.
Two-mode Fresnel transformation in entangled state representations
By introducing the bipartite entangled state |η [18, 19] 
|η = η 1 + iη 2 is the common eigenstate of relative coordinate Q 1 − Q 2 and the total momentum
where
, are coordinate and momentum operators, respectively. |η compose a complete set
π |η η| = 1, then using the over-completeness relation of the coherent state and
as well as
we can calculate the integral kernel
Using the relation between s, r and (A, B, C, D) in Eq. (4) we see that Eq. (20) becomes
where the superscript M only means the parameters of K Operating F 2 (r, s) on |η and using Eqs. (12) and (18) yields
or
where we have used the integration formula
Noticing the completeness relation and the orthogonality of |η we immediately derive 
a generalized entangled state representation |η s,r with the completeness relation (25). From (23) we can see that
so we have the eigen-equations for |η s,r as follows
[B (Q 1 + Q 2 ) + D (P 1 + P 2 )] |η s,r = √ 2η 2 |η s,r ,
We can also check Eqs.(26)-(29) by another way (see Appendix).
